We assessed the impact of transobturator tape (TOT) treatment on overactive bladder (OAB) symptoms with a particular focus on nocturia in patients with mixed urinary incontinence (MUI).
INTRODUCTION
Nocturia and urinary incontinence (UI) are common bothersome symptoms that are well known to affect health-related quality of life (HRQoL) [1] [2] [3] . Stress UI (SUI) is often accompanied by overactive bladder (OAB) syndrome, which is urgency with or without urge incontinence that is usually accompanied by frequency and nocturia [4, 5] . Mixed urinary incontinence (MUI) is defined as the complaint of involuntary loss of urine, associated with urgency and also with effort or physical exertion or on sneezing or coughing. Compared with women with other types of UI, women with MUI often report that their symptoms are more troublesome in terms of quality of life. There are multiple contributing etiologies for nocturia, including decreased bladder capacity, which also causes OAB-related nighttime micturition [6] [7] [8] . Numerous studies have suggested that the midurethral sling procedure significantly reduces not only SUI but also OAB symptoms [9] [10] [11] [12] [13] [14] . Our hypothesis was that improvement in OAB-related symptoms or urge incontinence after the transobturator tape (TOT) procedure in patients who present with MUI may also influence nocturia symptoms. To the best of our knowledge, however, the influence of the sling operation on nocturia has rarely been addressed in published reports. The present study thus determined the effects of the TOT procedure on OAB symptoms, with a particular focus on nocturia, in patients with MUI.
MATERIALS AND METHODS

Study population and data collection
The medical records of 237 patients with MUI who underwent the TOT operation between January 2007 and May 2012 were reviewed retrospectively. Of these, 86 patients (36.4%) had preoperative nocturia as recorded in a frequency-volume chart (actual number of nightly voids [ANV]≥1). Patients with conditions that could affect urinary function, such as neurological diseases, sleep disorders, urinary tract infection, pelvic organ prolapse, or global polyuria (24-hour urine volume that exceeded 40 mL/kg, as measured in a frequency-volume chart) were excluded. Patients who were being treated with anticholinergics and antidiuretic hormones were also excluded. In total, 70 subjects were eligible for analysis.
All patients were evaluated by history taking, where details such as the severity of UI and parity were recorded. To assess their HRQoL, the patients were asked to complete the King's health questionnaire (KHQ), the OAB-questionnaire (OAB-q), and the overactive bladder symptom score (OABSS) [4, 15, 16] . Before the operation, the patients underwent a physical examination, completed a 3-day frequency-volume chart, and underwent urodynamic studies (uroflowmetry, postvoid residual volume assessment, multichannel cystometry, urethral pressure profilometry, and electromyography). Three months after the operation, all patients again underwent a physical examination and completed a 3-day frequency-volume chart. They also completed the KHQ, OAB-q, and OABSS again. The operation-related complications and the objective surgical outcomes were assessed by the same urologist for all patients.
Postoperative assessment consisted of clinical examination, flowmetry with measurement of postvoid residual urine by ultrasonography, and a cough test with a full bladder. The patients were considered as cured when they did not present any stress urine leakage during a cough test with a full bladder and without the need of any pad during the past month.
Definition of variables
The variables in the 3-day frequency-volume chart were expressed as the average of the 3 days. The grade of SUI was classified by using the Stamey grade [17] . Nocturia was defined according to the International Continence Society as an ANV≥1 [18] . All patients who had nocturia (ANV≥1) before the operation were initially managed conservatively with fluid intake management and bladder training. Nocturnal polyuria (NP) was defined as a nocturnal urine volume of more than 20% to 33% of 24-hour urine volume, namely, a nocturnal polyuria index (NPi)≥0.20-0.33 (percentage adjusted according to age: more than 20% of daily urine output at night in young patients and more than 33% in elderly patients) [19] . Reduced nocturnal bladder capacity was defined as a nocturnal bladder capacity index (NBCi)＞0. Mixed-type nocturia was defined as a combination of NP and reduced nocturnal bladder capacity [7] . The subjective nocturia symptoms were assessed by using the KHQ and the OAB-q [4, 15, 16] . The subscale scores focused on the problems affecting the sleep of the patient. A patient was deemed to have obtained an objective improvement of nocturia if her mean ANV before the operation was ≥1 and it changed to ANV＜1 in the postoperative 3-day frequency-volume chart.
TOT procedure
The operation was performed by using outside-in obturator tape (Iris-TOT, Dow Medical, Seoul, Korea) in the usual manner [20] , in which the patient was sedated with an intravenous propofol infusion with local infiltration of bupivacaine. A Foley catheter was removed the next morning. All operations were performed by a single surgeon (S.J.Y.).
Statistical analysis
The results are expressed as means±standard deviations. The differences between groups in terms of urodynamic and demographic parameters were assessed by using the Mann-Whitney U test. A Wilcoxon signed rank test was used to compare the values before and after surgery. Categorical variables were compared by using the chi-square test or Fisher exact test, as appropriate. All statistical analyses were performed by using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). All tests were 2-tailed analyses and p＜0.05 was considered to indicate statistical significance.
RESULTS
Baseline characteristics
The baseline characteristics of the 70 enrolled patients are presented in Table 1 . The mean age of the patients was 54.8 years (range, 33-73 years). Use of the Stamey grading system revealed that 26 patients (37.1%) had grade 1 SUI and 44 patients (62.9%) had grade 2 SUI. The overall subjective and objective cure rates of SUI were 88.6% and 82.9%, respectively. Acute urinary retention was observed in 4 pa- 
Changes in OAB symptoms
Assessments of the pre-and postoperative OABSS questionnaire are presented in Table 2 . Placement of a midurethral sling resulted in an overall significant improvement in all OAB symptoms including nocturia.
3. Subjective and objective nocturia symptom changes after the TOT procedure We particularly focused on nocturia symptoms after the TOT procedure. As shown in Table 3 , the sling operation significantly improved the subjective nocturia symptoms of the patients. Specifically, the KHQ sleep/energy domain score dropped from 51.04±30.44 to 18.40±22.08, and the OAB-q HRQoL sleep subscales score rose from 47.71±26.22 to 85.57±14.04 (both p＜0.001). The sling operation significantly improved the objective nocturia symptoms of the patients, as indicated by the frequency-volume charts: 39 patients (55.7%) obtained an objective improvement of nocturia (ANV＜1) after the operation. Analysis of the preoperative and postoperative 3-day frequency-volume charts revealed that the operation significantly decreased the mean 24-hour total void number from 10.27±2.71 to 7.66±2.35, the mean daytime frequency from 8.60±2.45 to 6.76±2.00, the mean ANV from 1.68±0.80 to 0.90±0.82, and the mean NBCi from 0.45±0.67 to 0.01±0.55 (all p＜0.05) ( Table 3 ). However, the mean 24-hour urine volume, functional bladder capacity, nocturnal urine volume, NPi, and Ni were not significantly different after treatment (all p＞ 0.05). Correlation analysis of the whole cohort revealed that the postoperative changes in NBCi (preoperative NBCi-postoperative NBCi) correlated positively with postoperative changes in ANV (preoperative ANV-postoperative ANV) (p＜0.001, r=0.547).
Change in actual number of nightly voids and nocturnal
bladder capacity index according to severity and type of nocturia after the TOT procedure After stratification by nocturia severity, the mean ANV and mean NBCi were significantly decreased after the sling operation regardless of nocturia severity (all p ＜0.05). Subgroup analysis was also performed in patients with and without NP. There were significant reductions in the mean ANV and mean NBCi after the TOT procedure in patients with reduced nocturnal bladder capacity and mixed-type nocturia (all p＜0.05). In contrast, the mean ANV and mean NBCi were not significantly different before and after the TOT procedure in patients with NP (each p＞0.05) ( Table 4) . 
Comparison of the nocturia-improved and nocturia-per-
sisting groups in terms of preoperative clinical and urodynamic characteristics As shown in Table 5 , the nocturia-improved group tended to have a higher mean preoperative functional bladder capacity than did the nocturia-persisting group (403.78± 116.44 vs. 329.23±70.02, p=0.023). Moreover, the nocturia-improved group was significantly less likely to have nocturnal polyuria than was the nocturia-persisting group (p=0.024). However, the two groups did not differ in terms of other baseline demographic, clinical, urodynamic variables (all p＞0.05).
DISCUSSION
UI is associated with significant morbidity and can have a considerable impact on HRQoL [5, 21] . Approximately 50%, 10%-20%, and 30%-40% of women with UI have pure SUI, pure urge UI, and MUI, respectively [22] . MUI is defined as the complaint of involuntary loss of urine, associated with urgency and also with effort or physical exertion or on sneezing or coughing [14] . Compared with women with other types of UI, women with MUI often report that their symptoms are more troublesome in terms of quality of life [23, 24] . In the past decade, two minimally invasive sling procedures have been developed. Ulmsten and Petros [25] introduced the tension-free vaginal tape (TVT) procedure in 1996, whereas Delorme [26] introduced the TOT procedure in 2001. Since then, midurethral sling techniques have become standard procedures for the surgical treatment of SUI. Many studies, albeit not all, have shown that midurethral slings improve the storage symptoms in MUI [11, 14] . When Choe et al. [13] assessed the impact of the TVT procedure on OAB in women with SUI, they found that the preoperative urge UI resolved in approximately 50% of patients with detrusor overactivity. The study by Lee et al. [10] of 713 patients with SUI also showed that TVT improved several bladder storage symptoms, namely, urgency (47.1%), urgency incontinence (90.1%), frequency (31.6%), and nocturia (23.4%). In addition, Morgan et al. [9] reported that 74% of patients with preoperative UI improved after pubovaginal sling surgery, whereas Duckett and Tamilselvi [12] reported that TVT treatment yielded an objective cure of urodynamically diagnosed detrusor overactivity in 47% of patients and a subjective cure of urge symptoms in 63%. Our study yielded similar results, showing a significant reduction in 24-hour total void number and daytime frequency in the frequency-volume chart after TOT surgery. The HRQoL questionnaires also revealed that the patients showed significant symptom improvements in other storage symptoms. Nocturia is a highly prevalent symptom that increases with age [1, 27] . Nocturia frequently results from primary sleep disorders, from overproduction of urine at night (NP) or from conditions that cause low voided volumes (e.g., benign prostatic hyperplasia or detrusor overactivity) [28] . Nocturia also has a significant impact on HRQoL because it is associated with poor sleep quality, increased daytime fatigue, and lower levels of general well-being [1, 29] . When Tchey et al. [30] compared nocturia episodes before and after TOT, they observed that the operation significantly reduced the number of nocturia episodes from 1.41±0.99 to 1.07±0.75 in the nonobese group and from 1.55±0.87 to 0.91±0.70 in the obese group. However, the literature has not clearly shown the influence of the sling operation on OAB-related nocturnal micturition. To our knowledge, this is the first study that was designed to evaluate the clinical effectiveness of the TOT procedure in patients with MUI accompanied by nocturia symptoms. Our study showed that TOT treatment results in a significant improvement in the number of nocturia episodes in patients who present with MUI. The TOT procedure significantly improved the subscale scores focused on the problems affecting the sleep of the patient in the KHQ and the OAB-questionnaire. We also observed that the sling-induced reduction of ANV correlated closely with decreased NBCi (which indicates increased nocturnal bladder capacity). In addition, in a subgroup of women with NP, there was no significant change in ANV or NBCi after the sling operation. This finding suggests that nocturia improvement after the TOT procedure was associated with increased nocturnal bladder capacity.
Our study had both strengths and limitations. Strict exclusion criteria were adopted to reduce the confounding factors, resulting in the exclusion of patients with neuro-logical diseases or sleep disorders that could affect the voiding pattern. HRQoL was analyzed in all patients by using three validated questionnaires. The average values of 3-day frequency-volume chart variables were calculated and patients with missing data were excluded. A limitation of the present study is that it had a retrospective design, which could have introduced a sampling bias. In addition, there may be some potential for bias due to the fact that patients who received antidiuretic hormones or antimuscarinics were excluded. This suggests that those with more severe symptoms or who were more bothered were perhaps excluded. Another concern was the short follow-up period after the operation; long-term follow-up series will be required to confirm our findings.
CONCLUSIONS
Our study suggested that the TOT procedure resulted in an overall significant improvement in OAB symptoms including OAB-related nocturia in patients who presented with MUI. Over half of the patients (55.7%) achieved improvement of nocturia after TOT. Patients with pure NP did not experience significant improvement in their nocturia. Improvement in nocturnal bladder capacity after TOT treatment may be attributed to a reduction in episodes of nocturia.
CONFLICTS OF INTEREST
The authors have nothing to disclose.
